Introduction
Diseases linked to unhealthy behaviors are amongst the leading causes of male morbidity and mortality, in both2011; Hassapidou et al., 2013) . Messaging men is key to initiating behavior change and adaptation toward sustained health promoting lifestyle behaviors (Wakefield, Loken, & Hornik, 2010) . Research supports that disease diagnosis can leverage "teachable moments" to garner illness management and instill behavioral changes to advance men's overall well-being (Lawson & Flocke, 2009; Xiang, 2016) .
By characterizing health behaviors among Canadian men, subsequent targeted interventions can be designed, implemented, and formally evaluated (Sodergren, 2013) . The objective of our study was to broadly sample men to obtain information regarding health behaviors as a predictor of downstream male medical comorbidities.
Methods

Recruitment
Research ethics approval was obtained from the University of British Columbia. All participants provided written informed consent prior to enrolment in the study. A total of 5,362 Canadian respondents were sourced from an online sample provider (a company that provides specified populations to participate), which have reduced pre-recruitment field times and are more efficient for accessing target samples (Oliffe et al., 2018; Walter, Seibert, Goering, & O'Boyle Jr, 2018) , to complete a 15-minute online survey between April 20th and 28th 2017. Incomplete surveys were excluded, as well as those who were female or completed the survey significantly faster than average (<5 minutes; Zhang & Conrad, 2014) . Participants were male, aged 19 or older, and able to read French or English. The sample was stratified to reflect an accurate distribution of the Canadian population by both age and location as per the 2016 Canadian Census data.
Survey
The survey consisted of questions enquiring about health behaviors including smoking, alcohol usage, sleeping habits, dietary habits, and exercise. These behaviors were classified as "healthy" or "unhealthy" based on previously validated questionnaires when possible or if literature or guidelines existed for a behavioral threshold as indicated below. However, dietary behaviors were assessed solely based on expert opinion due to the lack of consistent data in the literature.
Participants' smoking behaviors were categorized as healthy if they never smoked, or unhealthy if they currently smoked or had smoked previously (Husten, 2009; McCarthy, Meza, Jeon, & Moolgavkar, 2012; Statistics Canada, 2005) . Alcohol consumption was categorized as healthy if their Audit-C score was equal to or less than 3, and unhealthy if greater than 3 (Caviness et al., 2009; Dawson, Grant, Stinson, & Zhou, 2005) . Sleeping habits were classified as healthy if they received 7-9 hours a night, and unhealthy if <7 or >9 hours (Hirshkowitz et al., 2015) . Exercise was characterized as healthy if they completed >150 minutes of moderate-to-strenuous exercise in a week, and unhealthy if <150 minutes (CSFE, 2011a (CSFE, , 2011b . Dietary habits were assessed using a modified version of the YouCheck diet score (with a refined sugar component; Pourmalek, Goldenberg, Ho, Skeldon, & Patrick, 2017) . These items were based on dietary consumption of food groups associated with greater overall health and reduced morbidity such as increased fruit and vegetable consumption or increased unsaturated fat consumption (Nicoll, Howard, & Henein, 2015; Sabate & Wien, 2015) . Unhealthy items were defined as increased consumption of refined sugar, saturated fat, and salt-abundant processed foods associated with increased morbidity and mortality (Clifton & Keogh, 2017; Li et al., 2017; Rust & Ekmekcioglu, 2017) . The weekly frequency were recorded and categorized as healthy if their YouCheck diet score was >12, and unhealthy if <12 (Pourmalek et al., 2017) .
Comorbidities were self-reported by participants based on having a formal diagnosis of a medical condition. Participants selected one or more medical conditions from a drop-down menu including heart disease, elevate cholesterol, type 1 and type 2 diabetes, malignancy, cerebrovascular accident (CVA), osteoarthritis, respiratory disease, bowel disease, and erectile dysfunction. Depression was recorded as a separate question and was labeled as present if their PHQ-9 score was >9 (Manea, Gilbody, & McMillan, 2012) .
Statistical Methods
Descriptive analysis was performed on the participant population. Multivariate logistic regression was conducted to analyze healthy behaviors which predict various medical comorbidities, adjusting for participant demographic factors. Comorbidities that had low reported numbers in this series (a prevalence of <3%) were excluded from multivariate analysis. A two-sided p value of < .05 was considered significant. Statistical analyses were performed with Stata 14.1.
Results
Demographics
A total of 2,000 men aged 19-94 years were included in the study after both inclusion and exclusion criteria were met. Demographic data are listed in Table 1 . The age distribution and geographic distribution is in alignment with the 2016 Canadian Census. Median age was 48 (interquartile range 34-60). Half (n = 1,003, 50%) of the participants were employed, 56% (n = 1,120) of participants had a household income of >$60,000, 50% (n = 998) had some university education, and a significant portion lived with a partner (n = 818, 41%).
Health Behaviors and Comorbidities
For each of the health behaviors, the distribution of healthy versus unhealthy individuals is described in Figure 1 . Approximately half (n = 948, 48%) had unhealthy smoking behavior, 39% (n = 773) had unhealthy drinking behavior, 54% (n = 1,077) had unhealthy sleeping behavior, 49% (n = 977) had unhealthy exercise behavior, and 62% (n = 1,235) had unhealthy eating behaviors. Participant comorbidities are described in Figure 2 . The majority of participants were healthy, with hypertension (n = 504, 25.2%), elevated cholesterol (n = 451, 22.6%), and depression (n = 408, 20.4%) being the most common comorbidities. Less than 5% had a malignancy of some type. Fewest participants (<3%) had CVA, bowel disease, or type 1 diabetes. On average, respondents had 1.3 medical comorbidities.
Further breakdown of each comorbidity by unhealthy behavior is outlined in Table 2 . For the unhealthy smoking group, hypertension (n = 287, 30.3%), high cholesterol (n = 268, 28.3%), and depression (n = 222, 23.4%) were found to be the most common medical comorbidities (n = 287, 30.3%). For the unhealthy drinking group, depression (n = 175, 22.6%) was the most commonly associated comorbidity. Among men with unhealthy sleep, unhealthy exercise, and unhealthy diet, hypertension (n = 287, 26.6%; n = 290, 29.7%; and n = 304, 24.6%, respectively) was the most common medical condition.
Multivariate Analysis
Multivariate analysis is illustrated in Table 3 . Type 1 diabetes, bowel disease, and CVA were not included in the multivariate analysis (<3% prevalence). Overall unhealthy smoking predicted heart disease (OR 2.08, p < .01), elevated cholesterol (OR 1.35, p = .02), type 2 diabetes (OR 1.57, p = .02), osteoarthritis (OR 1.43, p = .04), and depression (OR 1.62, p < .01). Unhealthy drinking behavior predicted hypertension (OR 1.40, p < .01) and protected against type 2 diabetes (OR 0.61, p < .01). Unhealthy sleep predicted hypertension (OR 1.46, p < .01), erectile dysfunction (OR 1.50, p = .04), and depression (OR 1.87, p < .01). Unhealthy exercise predicted hypertension (OR 1.30, p = .03) and elevated cholesterol (OR 1.27, p = .05). Finally, unhealthy eating predicted depression (OR 1.65, p < .01).
Interpretation
By affirming relationships between men's unhealthy behaviors and medical comorbidities among a representative sample of Canadian men, this study identifies important opportunities to thoughtfully consider strategies for gender-sensitized interventions and public health messaging.
Looking at the common medical comorbidities described in the study analysis, cardiovascular disease including heart disease and elevated cholesterol was predicted by smoking behavior. Smoking is a well-known risk factor and preventable cause of cardiovascular disease (Gepner et al., 2011) . Male smoking rates in Canada are rising (Statistics Canada, 2016) and this demands attention to the design and formal evaluation of targeted smoking cessation interventions. While some headway has been made with online interventions in this regard (Bottorff et al., 2016 , there remains challenges in pre-empting the significant impact of cardiovascular disease on men's lives (including work) and the lives of significant others (Bottorff, Oliffe, Sarbit, Kelly, & Cloherty, 2015) . Additionally, the comorbidity of elevated cholesterol was predicted by unhealthy exercise in this study. Numerous studies have demonstrated the strong protective effect of exercise on cholesterol levels independent of any medication, including beneficial effects on low density lipoproteins, high density lipoproteins, and triglyceride levels (Huffman et al., 2012; Mann, Beedie, & Jimenez, 2014; Wang & Xu, 2017) .
Another comorbidity, hypertension was predicted by unhealthy sleeping behavior, alcohol consumption, and low exercise levels. It would be expected that hypertension was predicted by unhealthy exercise as aerobic exercise has significant favorable impacts on blood pressure (Wen & Wang, 2017) . While exercise has been espoused as a health promotion practice that appeals to many men, a recent review by revealed few programs that were explicitly designed for men, and/ or formally evaluated (Bottorff, Seaton, et al., 2015; Caperchione et al., 2017) . Numerous research teams (Faraut et al., 2012; Palagini et al., 2013; Wang et al., 2015) have examined the effect of sleep on hypertension, and while there are conflicting reports, many large studies have highlighted that reduced sleep having a significant impact on hypertension, most of which are unrelated to other conditions such as obstructive sleep apnea (Calhoun & Harding, 2010) . Alcohol consumption has also been demonstrated to have a significant impact on hypertension; however, the mechanisms are not completely understood (Husain, Ansari, & Ferder, 2014) .
Diabetes mellitus as a comorbidity was predicted by smoking, but alcohol consumption was protective for the development of type 2 diabetes. Smoking has been described as inducing type 2 diabetes through its impacts on insulin resistance and inflammation (Chang, 2012) . Other studies have demonstrated results in keeping with the study findings that alcohol consumption may have a protective role and reduce the incidence of diabetes (Rasouli et al., 2013) . Conversely, theories have been proposed suggesting excessive alcohol consumption causes insulin resistance and pancreatic beta-cell dysfunction, predisposing one to diabetes (Kim & Kim, 2012) . This controversy suggests that interventions that prescribe manageable change such as "Don't Change Much" may provide avenues for sustainable adjustments, employing harm reduction rather than necessitating a focus on abstinence (Krueger, Goldenberg, Koot, & Andres, 2017) . Interestingly, diet in this study was not predictive but this may be due to heterogeneity of dietary recommendations for diabetic prevention and the study capturing diabetic patients who may have already made dietary modifications for control and further prevention of worsening disease as part of first line management (Asif, 2014; Povey & Clark-Carter, 2007) . While numerous studies have shown that diet can be used as a preventative measure for diabetes, it is important to acknowledge that these effects are related more to attempting to reduce adiposity, decrease insulin resistance, and decrease glycemic index (Ley, Hamdy, Mohan, & Hu, 2014) . Malignancy as a comorbidity had no predictive behaviors as seen in this model. The etiology of malignancy continues to be studied many of which may have a genetic component (Pomerantz & Freedman, 2011) . The low volume of malignancies in this patient population and lack of stratification into type of malignancy may explain the lack of associations seen. That said, longstanding empirical evidence reveals smoking, alcohol overuse, unhealthy diet, and low exercise levels are deeply implicated as epigenetic factors in some male malignancies (Alegria-Torres, Baccarelli, & Bollati, 2011; Hardy & Tollefsbol, 2011; Lee & Pausova, 2013; Varela-Rey, Woodhoo, MartinezChantar, Mato, & Lu, 2013) . Moreover, perhaps causeeffect messages linking specific men's behaviors with disease outcomes might be abandoned here with a strength-based focus suggesting healthy lifestyles can protect, or delay, progression of malignancies.
The comorbidity of osteoarthritis in this study was predicted by smoking. This is supported by some studies in the literature which have demonstrated a detrimental effect of smoking (Amin et al., 2007) . It has been suggested that this harmful effect may be due to the impact of smoking on joint cartilage, including increased oxidant stress, increased tissue hypoxia, and inhibition of cell proliferation, which can result in accelerated cartilage loss (Felson & Zhang, 2015) . However, this is controversial as other studies have also described a protective effect of smoking (Felson & Zhang, 2015) and some have suggested no association at all (Dube et al., 2016) . In the absence of definitive correlation and in keep with smoking as a risk factor for many other conditions, this is certainly a reasonable target for messaging along with the strategy of remaining as active as possible, as exercise may help prevent osteoarthritis (Hunter & Eckstein, 2009) .
In this study, no behavioral predictors of the respiratory disease comorbidity. This could be explained by the generalization of respiratory pathology which may be cofounded with respiratory diseases of childhood rather than acquired respiratory disease due to health behaviors.
Erectile dysfunction as a comorbidity is an indicator of general health and strong predictor of cardiovascular comorbidity (Salonia et al., 2013) , and was predicted by unhealthy sleep in this study. Research has illustrated a relationship between sleep disorders and specifically obstructive sleep apnea and erectile dysfunction; evidence suggests that patients presenting with erectile dysfunction, especially those who are treatment refractory, should be assessed for sleep disorders (Jankowski, Seftel, & Strohl, 2008; Kalejaiye et al., 2017) .
Depression as a comorbidity was predicted by smoking, unhealthy sleep, and unhealthy eating. Smoking has been described as an independent predictor of depression in some patient populations including those with coronary artery disease (Stafford, Berk, & Jackson, 2013) . Overall, the literature demonstrates conflicting evidence for the direction of the association between smoking and depression and indicates the need for further work to determine the true casual direction of this relationship (Fluharty, Taylor, Grabski, & Munafo, 2017) . Similarly, while sleep deprivation and chronic fatigue have been highlighted as risk factors for the development of depressive symptoms and illness, there also does exist a bidirectional association (Al-Abri, 2015) . In addition to depression, sleep disturbance also has an impact on other psychiatric illness such as anxiety, and therefore sleep patterns warrant screening in individuals with psychiatric illness (Krystal, 2012; Luca, Luca, & Calandra, 2013) . Finally, unhealthy diet has been linked to depressive illness, including diets low in carbohydrates, altered protein diets which affect dopamine availability from amino acid breakdown, diets with low omega-3 fatty acids as well as those in vitamins and minerals (O'Neil et al., 2014; Rao, Asha, Ramesh, & Rao, 2008) . Nutritional psychiatry has actually developed as a field that warrants more research and studies to understand the complex nature of diet and mental illness as well as the relationship between the gut microbiome and mental illness (Evrensel & Ceylan, 2015; Jacka, 2017) .
Limitations to this study include the cross-sectional study design and recall bias associated with surveybased studies. This may lead to misclassification of data. The analysis also implies association between two factors and therefore causation cannot necessarily be implied. Despite a fairly robust sample size, some disease entities are rare and are likely underpowered to show an adequate association, and therefore type 1 diabetes, bowel disease, and CVA were excluded from analysis as their prevalence was <3%. A subset of patients also may have already made behavioral lifestyle changes after acquiring a disease or new diagnosis, and since the study is cross-sectional, behavior data prior to this time point may not be captured, and therefore these individuals still remain candidates for intervention. Some of the unhealthy behavior data may also be a result of testosterone deficiency but this cannot be evaluated in this type of survey. Finally, the reported dietary data does not rely on any validated method as there is a lack of any true consensus in the literature for a standardized dietary questionnaire (Shim, Oh, & Kim, 2014) .
Conclusion
This study emphasizes that unhealthy behaviors are associated with comorbidities among men and provides evidence to affirm health-care providers' efforts for promoting lifestyle change. The study findings have demonstrated that common behaviors such as smoking are associated with cardiac disease, type 2 diabetes, elevated cholesterol, osteoarthritis, and depression, and alcohol consumption is associated with hypertension and type 2 diabetes. Unhealthy sleep is associated with hypertension, erectile dysfunction, and depression, and unhealthy exercise is associated with hypertension, elevated cholesterol, and erectile dysfunction. Unhealthy diets are associated with depression.
With increasing morbidity and mortality among men with lifestyle-related comorbidities, interest exists to investigate and influence the intricacies of lifestyle. Ultimately these data can guide health-care providers to identify predictors of disease earlier on, and employ timely targeted screening and preventative health-care interventions and strategies.
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